Abstract
Introduction
The Safe, Accountable, Flexible, and Efficient Transportation Equity Act of 2005 (SAFETEA-LU) set two new milestones: it was the largest surface transportation bill ever, and it contained more earmarked projects than any of its predecessors.
Data Sources for the Benchmark Population
Principal data sources for this study include the U.S. DOT's Research, Development, and Technology Plan (Volpe National Transportation System Center 2003) ; research plans of the U.S. DOT's modal administrations; published budgets of federal departments and departmental subdivisions; tables on earmarked expenditures developed by Wachs and Brach (2004) Differences in definitions and missions limit direct comparisons among all these organizations. The modal administrations within the U.S. DOT constitute a good benchmark population since all engage exclusively in applied research and expenditure and organizational data, and research definitions are reasonably consistent across administrative boundaries. Some federal agencies outside the U.S. DOT with applied research programs also constitute a relevant benchmark population such as the Departments of Commerce, Housing and Urban Development, and Interior. Research definitions and budget categories can vary within this population.
The three nonfederal agencies in the benchmark population view and classify research differently than the FTA compelling use of qualitative rather than quantitative comparisons. APTA classifies studies whose intent is to influence federal policy as research. The California Department of Transportation's DRI does not classify its research expenditures into the same categories as does the U.S. DOT. The United Kingdom has a strategic transit research vision, although organizationally the U.K. Department for Transport differs substantially from the U.S. DOT and publishes a programmatic rather than line-item budget.
Financial tables in this study can refer to budgeted amounts, appropriations, and expenditures, depending on data availability. Budgeted amounts are monies listed in enabling legislation such as SAFETEA-LU. Appropriations refer to monies Congress makes available to the executive branch for spending; expenditures refer to monies actually spent by an agency. These values can be different.
Expenditures on National Transportation and Transit Research Programs
While total outlays by the U.S. DOT are larger and growing more rapidly than other federal departments in the benchmark population (Figure 1 ), research expenditures lag the Department of Commerce, which has the smallest total budget of the four federal departments (Figure 2 ) but has two subunits, the National Institute of Standards and Technology and the National Oceanographic and Atmospheric Administration, with research missions. U.S. DOT spends more on research than the Departments of Housing and Urban Development or Interior. Note the annual variation in U.S. DOT research funding in Figure 2 . After normalizing research expenditures to show fiscal effort, and ignoring the Department of Commerce, which spends a large proportion of its funds on research due to its Again normalizing for fiscal effort, Figure 6 shows the FRA makes the greatest research effort while FTA makes the least effort. Research effort declined in all the modal administrations over the two years examined even though three of them saw increases in their total budgets. A key consideration in assessing the national transit research program is determining the degree to which control over budget priorities lies within the agencies. Wachs and Brach (2004) analyzed fiscal years 1992-2004 U.S. DOT modal administration research budgets to determine how much was earmarked to specific projects. Figure 7 summarizes their findings. FTA's earmarked research activities were far greater than the other two modal administrations. In some years earmarked transit research projects represented more than 90 percent of FTA's total research budget. SAFETEA-LU continues the trend toward earmarking research funding and expands it to other modal administrations; FHWA's entire research budget was earmarked (purpose and recipient) or designated for a particular purpose.
SAFETEA-LU reversed a long pattern of stable or declining surface transportation research expenditures. The cooperative research programs are managed by the Transportation Research Board (TRB), the unit of the National Academies responsible for the scientific and engineering study of transportation, with the direct participation of the federal modal agencies and governmental and private organizations.
The three cooperative research programs focus on the specific applied research needs of individual modes using a peer-driven process to identify research priorities. Technical review panels assembled by TRB reduce problem statements collected annually from state departments of transportation, transit operators, industry groups, and researchers to a small set of high priority research topics. The cooperative research programs issue requests for proposals with awards made through a competitive review process. . UTC grants require a dollar-fordollar match unless otherwise specified in legislation. Table 2 shows UTC funding and the amount earmarked for fiscal years 2005 through 2009. Table 3 shows past and authorized future funding for the cooperative transportation research and UTC programs. The TCRP program is the smallest of the cooperative research programs although SAFETEA-LU will put transit research funding on a par with aviation research by FY 2009. NCHRP funding comes entirely from the states using federal highway formula funds earmarked for research. FAA provides all the funding for the ACRP and FTA provides all the funding for the TCRP. 
Strategic Transit Research in the United States
The national transit research program supports the mission of the U.S. DOT:
The national objectives of general welfare, economic growth and stability, and the security of the United States require the development of transportation policies and programs that contribute to providing fast, safe, efficient, and convenient transportation at the lowest cost consistent with those and other national objectives, including the efficient use and conservation of the resources of the United States (U.S. DOT 2003).
Aligning FTA's research program as well as those of the other modal administrations with the U.S. DOT's mission focuses the department's efforts on advancing executive priorities. FTA periodically publishes a strategic research plan that articulates its research program. The most recently adopted plan (FTA 2005) contains mission and vision statements as follows: "… deliver solutions that improve public transportation" and make "… public transportation the mode of choice in America." The plan offers five goals:
1. Provide transit research leadership.
2. Increase transit ridership.
3. Improve capital and operating efficiencies.
4. Improve safety and emergency preparedness.
5. Protect the environment and promote energy independence.
The first goal, provide leadership in transit research, appears in FTA's research plan as a result of a recommendation made by an advisory panel convened by TRB to assist FTA in preparing the plan (Townes 2006) . This advisory panel, called the Transit Research Advisory Committee (TRAC), consists of transit industry leaders, academicians, and user representatives. FTA exercises leadership in transit research by directly funding research projects of importance to its mission, entering into partnership with public and private sector organizations, often accompanied by grants which leverage public money with contributions from these other organizations, and through the agency's power as a "convener"; that is, setting research agendas by expressing interest in a topic and assembling researchers to address it.
The second goal, increase transit ridership, is what the TRAC calls "high level," meaning FTA intends to focus research toward this end. The remaining goalsenergy independence, environmental protection, improved safety, emergency preparedness, and capital and operating efficiencies-suggest the criteria for identifying improvement.
The FTA strategic research plan identifies knowledge gaps, suggesting areas where a need exists for additional research effort. With respect to increasing transit ridership, FTA acknowledges incomplete understanding of the determinants of transit use, especially given the range of travel markets transit serves. A key issue in this regard is whether a single transit system can serve all markets by providing good coverage and frequent service or whether services will need to be tailored to the specific requirements of individual market segments.
A comparison of FTA's previous strategic research plan with the 2005 version shows the evolution of the agency's research philosophy. FTA's transit research vision in 1999 was "integrated transportation technology producing high quality mobility in the 21st century." The mission was "…to partner with the transportation industry in establishing preeminence in U.S. transit technology, institutions, and customer service to increase the quality and level of services" (FTA 1999 Research Project Selection Criteria. Both FRA and FTA publish project selection criteria and processes in their strategic research plans. FRA employs a five-step process to screen and refine projects for funding on the basis of potential for improving safety while accommodating higher railroad volumes. FTA makes reference to a "graded scorecard system" that ranks projects using eight criteria. FHWA does not list criteria but does set in motion an effort to develop a project selection process supportive of strategic goals such as infrastructure preservation, safety, highway operations, and environmental protection.
Program Budgets. FRA divides its research budget approximately equally between two project categories-research and development and the next generation high speed rail technology demonstration program-for a three-year time frame. Neither FTA nor FHWA provides this level of specificity. FTA outlines a four-year budget based on SAFETEA-LU authorizations. FHWA does not propose a research budget linked to a strategic research program. The relationship between research budgets proposed by the modal administrations and Congressional earmarks is an area of concern.
Linkages to Other Modal Administrations. All the administrations deal with surface transportation so overlapping jurisdiction arises in many aspects of operations. The FTA and FRA plans in particular address these overlaps in areas such as joint use of rights-of-way, vehicle standards, and roadway crossings of railroad tracks.
Stakeholder Involvement in Research Programs.
The surface transportation modal administrations all consult regularly with external stakeholders on research priorities but to different degrees and through different processes. FHWA relies heavily on historical relationships with state departments of transportation, TRB, and highway industry groups such as the Highway Users Federation, American Trucking Association, and the Asphalt Institute of America. FRA has a similar relationship with the Association of American Railroads. In addition, FRA consults with an independent advisory panel convened through TRB consisting of representatives from the railroad industry, states, unions, universities, financial institutions, and research organizations. FTA has a close working relationship with APTA, and also seeks advice from TRAC, formed under the auspices of TRB and consisting of representatives from transit operators, university researchers, and transit user groups.
Flexibility. FHWA seems most flexible in terms of research priorities. In contrast, FRA has a clear research agenda that allows for variations in approach so long as projects comport with FRA's research priorities. FTA seems committed to projects which logically follow from the goals  objectives  strategies format of its strategic research plan.
Transit Research by Nonfederal Organizations
Non-U.S. government agencies also engage in transit research often pursuing different goals than FTA. Three case studies that illuminate alternative approaches to transit research are APTA, the United Kingdom, and the state departments of transportation.
American Public Transportation Association (APTA)
APTA is the trade organization for the transit industry in the United States. APTA published a Research and Technology Strategic Plan in August 2001 to provide "… a proactive approach with the objective to more effectively position the public transportation industry when addressing the issues associated with the integration and implementation of technology and innovation" (APTA 2001) . The APTA plan is in actuality a political document proposing a research agenda for FTA and other transit research organizations:
The objective is to provide APTA with a focused plan that enables it to advocate for the public transportation industry regarding research and technology. The resultant plan identifies and prioritizes APTA's needs and interests in the area of research and technology in order to maximize benefits, prioritize resources, seek partnerships, and influence research practitioners; and will allow APTA to advocate for the industry's research and technology needs with Congress, TRB, Universities, Federal Government and other parties; and will provide the basis for input to the ongoing re-authorization process.
APTA lists five research priorities which contrast sharply with those of FTA: workforce development, application of technology, transit's role in the community, safety and security, and market development and service configuration. Safety and security is the only research goal specified by both APTA and FTA.
APTA further subdivides its research priorities into 38 specific topics that cover the range of current transit issues including specialized transportation, security, workforce training and diversity, marketing, sustainability, and intelligent transportation systems. These priorities evolved from a series of conferences focused on the unique characteristics of the transit industry and its research needs. Findings from these conferences identified four impediments to innovation in the transit industry. First, since transit operates in a public environment, it tends to avoid risk, making it slow to adopt new technologies and procedures. Second, transit is a small industry with limited resources. Consequently, research and innovation is often sacrificed in order to attend to the more immediate need to deliver services. Third, transit has an aging workforce and ingrained labor relationships which stymie innovation. Fourth, the public environment in which transit operates impedes embracing the cultural, organizational, and structural changes necessary for innovation to occur.
United Kingdom Department for Transport
The organizational equivalent of the U.S. DOT in the United Kingdom is the Department for Transport (DfT). The DfT published a 10-year transportation plan in 2000. This plan contained a vision of transportation in the U.K. as "… a modern, safe, high quality network that better meets people's needs and offers more choice to individuals, families, communities and businesses" (DfT 2000). The U.K. emphasizes modern, high quality public transportation, both locally and nationally, including more light rail systems and attractive bus services that are fully accessible and integrated with other types of transport; high quality park-and-ride schemes; and fully integrated public transport information, booking and ticketing systems, with a single ticket or card covering the whole journey. The Transport 2010 plan's public transport emphasis is in response to the nation's growing auto dependence, which the U.K. sees as unsustainable over the long term.
In support of the 10-year national transportation development plan, the DfT prepared a 10-year strategic transit research plan titled Evidence and Research Strategy (DfT 2002).
The strategy is organised around a number of key themes which reflect the policy priorities of the Department: reducing road congestion; achieving sustainability; health safety and security; improving public transport; facilitating social inclusion; promoting consumer choice and managing our transport assets effectively.
The plan divides its research agenda into two categories titled "policy themes" and "cross-cutting themes." Each theme is developed in two ways leading to a set of research priorities. First, the plan explains why research on the theme is important. Then the plan identifies the strategic knowledge gaps and how the agency intends to address them. As with the U.S. DOT, the DfT seeks partnerships with other transportation research organizations including other ministries, research councils, local governments, and in particular the London region. They are listed by name in an appendix to the plan.
The DfT surface transportation research program differs from the U.S. approach in several ways, perhaps most importantly by treating all surface modes as elements of a single system. Each U.S. modal administration conducts its own research program whereas in the U.K. surface transportation research is managed by a single agency. This allows the U.K. to employ a programmatic budgeting system that deemphasizes organizational boundaries in favor of stronger linkages between governmental goals and funding decisions.
State Departments of Transportation
All state departments of transportation engage in transportation research, often through transportation research centers affiliated with one or more of the state's research universities. Populous states have more than one center. These centers work with the state departments of transportation in carrying out statewide transportation research programs including transit research. Most state transit research programs are structured around annual cycles of identifying organizational research needs and then inviting proposals to address them.
A variety of transit-related research occurs at the state level, reflecting the diversity of issues resulting from different levels of density and urbanization (Transportation Research Board 2006 . The plan specifically seeks to make transit a more practical travel option, focusing on three research categories: bus rapid transit, small transit systems, and enhanced transit services. A fourth research category, passenger rail improvements, overlaps the transit programs. In structure and tone, the CalTrans surface transportation research program is more similar to the U.K. approach than it is to that of the U.S. DOT. However, California employs a line-item budget system that obscures linkages between programmatic goals and budget allocations.
Comparison Figure 8 compares the fiscal efforts of the DfT, the U.S. DOT, and CalTrans on transit research. A departmental comparison is required since neither the DfT nor CalTrans is organized into modal subdivisions in the same manner as the U.S. DOT. Creating this figure required reconciling the respective agency budgets; the U.S. DOT budget is in a line-item format, the U.K. budget follows a programmatic structure, and the CalTrans budget is a line-item budget organized by fund and program elements of which research is not separately accounted. U.S. DOT transit research includes the FTA National Research Program, the TCRP, the National Transit Institute, and FTA's contributions to the UTC program. The CalTrans budget includes contributions to its UTC and the California Center for Innovative Transportation programs. The dollar amounts in Figure 8 may differ from those in previous figures to assure comparability with U.K. definitions of research.
Neither the United States, the U.K., nor California expends a high proportion of their transportation budgets on transit research. Of the three organizations, CalTrans makes the greatest fiscal effort toward transit research. Compared to the U.K., the U.S. DOT spends more money on transit research in absolute dollars and spends a higher proportion of its total budget on transit research. However, transit research consumes a higher proportion of DfT's total research budget. As the constitutional body responsible for budgeting, Congress has the legal authority to allocate monies to whichever transit research priorities and organizations it deems appropriate. In doing so, however, Congress must recognize that it risks frustrating administrative processes intended to advance national goals for urban transportation development. Planners and policy-makers at all levels of government are rightfully concerned about the sustainability of energy supplies and environmental quality and a U.S. urban development pattern dependent on auto use. Even assuming the environmental and energy problems associated with urban auto use can be mitigated, it is neither practical nor affordable to build all the highway capacity required to maintain current levels of mobility in our largest cities. Transit ridership will have to increase and more importantly transit mode split must increase. Making this happen requires more research on how to attract choice riders than has historically been the case.
